Meningococcemia and disseminated intravascular coagulation (DIC) have a known association, and they have been identified as a rare cause of osteonecrosis in children. To our knowledge, we report only the second case of an adult with DIC and Neisseria meningitidis infection whose condition was subsequently diagnosed as osteonecrosis. We also review the world medical literature that pertains to osteonecrosis as a sequelae of meningococcal infection associated with DIC.
Fibrin-platelet thrombosis of intraosseous capillaries and sinusoids is a common pathway to osteonecrosis. This can be caused by both fat embolism and disseminated intravascular coagulation (DIC) [1] . The association of meningococcemia and severe DIC has been well established. Several published reports have described children with skeletal lesions consistent with osteonecrosis following meningococcemia and DIC [2] [3] [4] [5] [6] [7] [8] . We report such a case in an adult and review the world literature.
Case Report
A 42-year-old woman presented to the hospital with confusion and hypotension as well as petechiae and purpura over 90% of her body. Her medical history was significant only for hypothyroidism, hypertension, gout, and hysterectomy. Laboratory data included the following values: hemoglobin, 8.5 g/dL (normal range, 11.7-15.7 g/dL); WBC count, 23,000/ mm3 (normal range, 4,000-10,000/mm3); platelet count, 35,000/mm3 (normal range, 150,000-300,000/mm3); partial thromboplastin time, 44 seconds (control, 10-30 seconds); fibrinogen, 193 mg/dL (normal range, 160-360 mg/dL). Cultures of blood specimens yielded Neisseria meningitidis group Y. Her initial treatment included many units of blood and blood products and penicillin; plasmapheresis was performed twice. She developed renal failure, DIC, and large ischemic ulcers on both lower extremities.
Three weeks after discharge from the hospital, she was readmitted for debridement of the right lower extremity ulcers. She reported swelling and decreased range of motion of the left wrist and forearm. She was afebrile and had a normal complete blood count and serum creatinine level. Bone radiographs of the left forearm revealed multiple radiolucencies that were consistent with cortical bone destruction in the distal radius and ulna as well as periosteal reaction (figure 1). Similar radiographic abnormalities were noted for both tibia. A threephase bone scan demonstrated multiple areas of tracer accumulation involving the arms, wrists, and hands as well as the lower extremities below the knees (figure 2).
Two bone biopsy specimens were obtained from the left radius, and one was obtained from the right tibia; all three demonstrated areas of osteonecrosis and scattered areas of reactive bone. All special stains and cultures of bone biopsy specimens were negative. There was no evidence of malignancy. A urine and serum latex agglutination panel for N. meningitidis was negative. The patient did not receive any antibiotics in the 5 weeks before the bone biopsies were performed. No evidence of metabolic bone or endocrine disease was discovered. No specific treatment was offered. Plain radiographs of the left forearm obtained 7 months after the biopsies were performed showed near resolution of the multiple lucencies and periosteal reaction.
Discussion
To our knowledge, this is only the second case reported in the world literature of an adult with widespread osteonecrosis following severe N. meningitidis infection complicated by DIC. Our case is distinguished by our patient's age (42) and by our rigorous efforts to identify the cause of her condition. Three bone biopsies demonstrated bony trabeculae with empty lacunae in both cortical and adjacent medullary bone with surrounding necrotic soft tissue.
The findings in our case are remarkably similar to those for two other cases reported in the literature; these cases involved a 19-year-old adult [6] and a 7-year-old child [8] . In these two cases, diffuse osteolytic distal appendicular skeleton lesions were identified within days to weeks following an acute N. meningitidis infection complicated by DIC. The osteonecrosis involved all the extremities but was limited to the NOTE. B = Bilateral; DIC = disseminated intravascular coagulation; L = left; ND = not described; R = right.
distal long bones, hands, and feet. The remainder of the skeleton was spared. A thorough review of the literature identified seven reports [2] [3] [4] [5] [6] [7] [8] describing 12 patients with multiple sites of bone infarction following meningococcal infection complicated by severe DIC (table 1). The mean age of the 12 patients was 12.5 months. Nine patients were 2 years of age. The acute presentations were similar to our patient's acute illness (table 1) .
The clinical presentation of osteonecrosis in the children is different from that in the 7-year-old and the 19-year-old patients in table 1 and the 42-year-old patient described herein. In young children, bone injury is generally not discovered for months to years (table 1) . It is often first noted as growth abnormalities such as short or bowed limbs and gait abnormalities. Symmetric proximal and distal involvement of the femurs and tibias are typical, with epiphyseal and metaphyseal lesions secondary to acute thrombosis of vulnerable epiphyseal vessels. These lesions involve the growth plate, and, specifically, osseous bridging of the physis leads to growth arrests and asymmetry in bone lengthening. The proximal humerus and radius are also affected. The axial skeleton is spared.
The pathogenesis of the osteonecrosis in children is believed to be the same as that in older patients, i.e., avascular necrosis of bone due to thrombosis in intraosseous vessels secondary to severe DIC. The difference in the location of osteonecrosis and the delayed presentation is likely due to age-dependent differences in the location of vulnerable bone vasculature as well as to the stage of bone maturity and development.
An additional nine cases of growth abnormalities following meningococcemia were described by Grogan et al. [9] . These patients were evaluated for orthopedic reconstruction of growth abnormalities months to years after meningococcal infection. The acute illness is not described in this report. Seven of the nine patients had one of their limbs amputated during the acute illness. All but one patient were <5 years old. It is of interest that histopathologic examination of specimens from one acute amputation demonstrated fibrin thrombi within the microvasculature of vessels adjacent to necrotic bone.
Multiple bilateral epiphyseal and/or metaphyseal osteonecrotic lesions have rarely been described in association with other illnesses [10] . Only two other cases of skeletal abnormalities following DIC secondary to infection have been described. One was in an infant with Klebsiella pneumoniae sepsis [11] , and the other was in a 2-month-old infant with possible Haemophilus influenzae infection [12] . The potency of the N meningitidis oligosaccharide in inducing intense DIC and the endovascular involvement that is common to this infection may explain why osteonecrosis is unique to this bacterial pathogen.
